Suicidal behavior, which ranks among the top 10 causes of death worldwide, is an important public-health problem and a psychiatric disorder, which has been the subject of considerable study. Studies have shown association between the serotonin transporter (5-HTT) gene and suicidal behavior, although a proportion of alternative studies have produced contrary results both in terms of positive and negative findings, possibly reflecting inadequate statistical power and the use of different populations. Using the cumulative data from recent years in both European and, more particularly, Asian populations, this updated meta-analysis seeks to examine whether the aggregate data provide evidence of statistical significance, and to clarify the contradictory findings suggested by previous studies. It covers all published studies using multiple research methods up to January 2006. Compared with a previous meta-analysis, which found no association between the 5-HTTLPR polymorphism and suicidal behavior (P = 0.38), the current results (39 studies) suggest a significant association with a P-value of 0.0068 (overall odds ratio = 0.88 (0.8,0.97)), and supports the involvement of the brain 5-HTT in the pathogenesis of suicidal behavior.
Introduction
Suicide is a major public health issue, especially in western countries, accounting for approximate 1 million deaths every year throughout the world. Suicide accounted for about 1.8% of global mortality in 1998 and is expected to increase to 2.4% (about 1.5 million people) by the year 2020.
1 Serotonin (5-HT), one of the key neurotransmitters implicated in suicidal behavior, 2, 3 is broadly distributed throughout the central nervous system and is involved in a wide range of psychological functions, including sleep, appetite, pain perception, sexual activity, memory and mood control. 4 Disturbances in serotonin transmission are the most frequently reported neurobiological substrates. 2, 5, 6 The serotonin transporter (5-HTT) gene, located at 17q11.1-q12, plays a central role in the regulation of the 5-HT synaptic function and is considered to be a promising candidate for various psychiatric disorders, including suicidal behavior. 7, 8 A 44-base pairs (bp) insertion-deletion in the promoter region (5-HTTLPR) and 17-bp variable number of tandem repeats (VNTR) in the second intron are two important functional polymorphisms. The 5-HTTLPR short variant, designated 'S', suppresses transcriptional activity of the promoter. 9 Both polymorphisms have been studied in association with suicidal behavior but with rather conflicting results. 7, 10 The current meta-analysis examines recent studies on European and particularly Asian populations to test for statistical significance by combining all published studies up to January 2006. Besides the overall analysis, the study also investigates the possible effect of variations including case/control strategies and sample ethnicities to clarify the problems suggested in previous studies. 7 
Methods

Literature search
The literature included in this analysis was selected from PubMed using keywords 'suicidal behavior' 'suicide' 'serotonin transporter' '5-HTT ' and 'SERT '. All references cited in these studies and published reviews were reviewed in order to identify additional work not indexed by MEDLINE. The analyzed data covers those from all English language publications up to January 2006.
Inclusion criteria
Eligible studies had to meet all of the following criteria: they had to (1) be published in peer-reviewed journal, (2) contain independent data, (3) present sufficient data to calculate the odds ratio (OR) with a confidence interval (CI) and P-value, (4) be association studies investigating either of the two polymorphisms, (5) describe the relevant genotyping primers, machines and protocols or provided reference to them and (6) diagnose suicidal behavior patients, including suicide attempters and suicide completers, according to the International Classification of Diseases, Diagnostic and Statistical Manual or Chinese classification of mental disorders criteria. Authors were contacted in cases where there were queries regarding their studies.
Statistical analyses
If a reference included studies of more than one study strategy of suicide attempters (SA), including violent and non-violent SA (V þ NV), and suicidal completion (SC) and/or contained data from different populations, it was considered effectively as several individual studies. Data from each case-control study were used to construct a two-by-two table in which subjects were classified by diagnostic category and type of allele. Cochran's w 2 -based Q statistic test was performed to assess heterogeneity in order to ensure that each group of studies was suitable for metaanalysis. Heterogeneity Q tests were also performed for differences in OR between sample ethnicities (European vs Asian) and genders (male vs female). Where heterogeneity was found, the random effects model, which yields wider CIs, was adopted; otherwise, both the fixed and random effects models were adopted. In contrast to the overall test of heterogeneity, the test for funnel plot asymmetry assesses a specific type of heterogeneity and provides a more powerful test. We therefore assessed publication bias by using the method of Egger et al., 11 which used a linear regression approach to measure funnel plot asymmetry on the natural logarithm of the OR. The larger the deviation of each study from the funnel curve the more pronounced the asymmetry. Results from small studies will scatter widely at the bottom of the graph, with the spread narrowing among larger studies. The significance of the intercept was evaluated using the t test.
ORs and relative risk (RR) were pooled according to DerSimonian and Laird's method, and 95% CIs were constructed using Woolf's method. The significance of the overall OR was determined by the z test. For the sensitivity analysis, each study was removed in turn from the combined total, and the remaining studies were reanalyzed. This procedure was used to ensure that no individual group was biasing the combined result. The analysis was conducted using Comprehensive Meta-Analysis (Version 1.0.23, BIOSTAT, Englewood, NJ, USA). The type I error rate was set at 0.05. The R-project program was used to depict the degree of differences and trend of association of risk allele frequency from controls to patients. If the vector arrow has the same direction this indicates the same kind of association, and vice versa.
Haplotype construction, counting and linkage disequilibrium (LD) block defining were performed using Haploview software (www.hapmap.org). The multiallelic D' was computed by performing a series of pairwise D' calculations using each haplotype in turn as an allele, with all other haplotypes at the locus serving as the other allele. This was then repeated for each haplotype at each locus and averaged by haplotype frequency. Maximum likelihood haplotype blocks were calculated using an expectation-maximization algorithm.
Results
The combined search yielded 186 references. After discarding overlapping references and those, which clearly did not meet the criteria, 42 studies were obtained. These studies were then filtered to ensure conformity with the inclusion criteria. One study 12 was excluded because it overlapped with another study, 13 one 4 because it was investigating impulsivity, rather than suicidal behavior, and one 14 because it was investigating binding, and was not an association study. We included one study 15 using deliberate self-harm (DSH) samples because DSH is the best predictor of future suicide. 15, 16 In the end, 39 studies 13,15,17-34 met our criteria for inclusion. These studies included 3096 cases and 5936 controls.
For the 5-HTTLPR allelic analysis, frequency of the long variant allele (designated 'L') varied widely across current control populations, high in European populations 57.1% (49.9-61.8%), but low in Asian populations 27.2% (23.9-32.9%). In the 39 studies, 28 studies showed lower frequency in cases than in controls. Overall, the studies showed a significant P-value of 0.0068, the overall ln(OR) being À0.11 (À0.18,À0.05)) and the OR 0.88 (0.8,0.97) for the random effects model owing to evidence of heterogeneity between studies (P = 0.001) ( Table 1) . Furthermore, the suicide attempters (SA) showed strongly positive compared with non-suicide attempters (NSA) (P = 0.0075) or combined healthy controls and NSA (Healthy þ NSA) (P = 0.002). Combined V þ NV suicide attempters also showed positive association compared with Healthy þ NSA (P = 0.006), and showed positive association (P = 0.0015) after adding the studies with V/NV suicide attempters as the cases and controls, respectively. V suicide attempters also showed positive when compared with Healthy and NSA, respectively (Table 2) .
For the genotypic analysis including the S allele, all studies showed a significant positive P-value of 0.0068, with the overall ln(OR) showing À0.18 (À0.29,À0.07)), and the OR 0.78 (0.67,0.92) for the random effects model (Table 1) . Furthermore, SA showed strong positive association compared either with NSA (P = 0.0003) or with healthy subjects (P = 0.014) or with combinations of the two (i = 4 Â 10 À5 ). V suicide attempters also showed positive association compared with Healthy þ NSA (P = 6 Â 10 À6 ) ( Table 2) . For the genotypic analysis including the L allele, combined V/NV suicide attempters showed positive association compared with Healthy þ NSA (P = 0.026).
We divided studies by sample ethnicities and genders. There was no evidence of significant heterogeneity between ethnicities, but heterogeneity was found between genders (Table 1) . Association between suicide attempters and non-attempters within the same diagnostic category supported the hypothesis that genetic variation may predispose to suicide behavior independently of the genetic liability to the underlying psychiatric morbidity.
For the VNTR polymorphism, the 10-allele was high in European populations (34.8%), but had an exceedingly low incidence in Asians (9%). For both the 10-allele and 12-allele, no significant association was found either in allelic or genotypic analysis (Table 1) .
In the present study, no publication bias was found except in the 5-HTTLPR genotypic analysis including the S allele (P(T) = 0.012), which was owing to the low frequency, even non-existence of the LL genotype. The forest and funnel plots of the 5-HTTLPR allelic analysis are shown in Figures 1 and 2 . The trend of allele frequency by R project is shown as a Supplementary figure, and although the results of individual studies are not shown because of space restrictions, they are available on request.
Sensitivity and retrospective analyses
No individual group biased the results significantly. For the allelic studies of SA vs Healthy þ NSA, the results showed strong consistency, regardless of the data set removed, with the P-value never > 0.007 (consistent with the results of all studies). For the genotypic studies, the results also showed strong consistency in all studies, regardless of the data set removed, with the P-value never > 0.0004 (Supplementary table) .
The asymptote line of the analysis in retrospect based on the publication year showed that the cumulative synthesis of the 5-HTTLPR tended to be stable after 2001, in line with the overall results of our meta-analysis (Figure 3 ).
LD and haplotype structure analyses
The VNTR polymorphism was in a small block structure whereas the 5-HTTLPR polymorphism located out of the block, in the gap between the block figure) . This structure seems to be consistent with the current results between the two polymorphisms, and supports the hypothesis that it is unlikely that the association of 5-HTTLPR was owing to linkage to a very close polymorphism. The same findings were identified in another meta-analysis 35 dealing with the two polymorphisms and schizophrenia, but STin2 VNTR was suggested as the susceptible polymorphism in that study.
Discussion
To explore further some issues raised in previous studies, 7 the current meta-analysis investigated the studies as a whole and also divided them into subgroups classified by case/control study strategies (including SA vs Healthy, SA vs NSA, SC vs Healthy and V/NV vs Healthy/NSA), sample ethnicities and even gender (only six data sets) to study the possible effect of these variables. Both overall and sub-grouped studies showed strong positive associations between 5-HTTLPR and suicidal behavior.
Different alleles seemed to be associated in different studies. Some studies reported higher frequency of the S allele; others found an increase of the L allele. There are a number of underlying reasons for the probable heterogeneity. Firstly, it may be partly owing to the differences in demographic data, sample ascertainment, diagnoses or diagnoses distributions. Secondly, studies had different cases/controls strategies for sampling suicidal behavior. Thirdly, casecontrol results are often different because the ethnic differences can contribute to observed differences in allele frequencies. Fourthly, suicidal patients were diagnosed as having different mental disorders. For Abbreviations: NSA, non-suicide attempters; NV, nonviolent suicide attempters; P(Q), Cochran's w 2 -based Q statistic test used to assess the heterogeneity; P(Z), Z test used to determine the significance of the overall OR; SA, suicide attempters; SC, suicidal completion; V, violent suicide attempters (V þ NV). a The number of studies included are indicated.
instance, some studies used patients or victims with major depression, others included patients with schizophrenia or other psychiatric disorders. Fifthly, environmental conditions such as the season of birth, which have been reported to be associated with several psychiatric and neurological disorders may also contribute to the variability between populations. 36 However, in the meta-analysis, we used comprehensive pooling methods. The random effects model accounted for additional sources of inter-study variation when heterogeneity exited. It was more conservative than the fixed effects model, as the latter assumes the same true genetic effects between studies whereas the former assumes the normally distributed effects and parameterizes the inter-studies variation. We investigated OR, RR and ln(OR) using both models with Mantel-Haenszel, inverse variance and Peto one-step approaches. Otherwise, to obtain as much literature as possible, we put equal emphasis on positive and negative, English language and Chinese literature. This evenhanded approach should help to minimize publication bias and maximize statistical power and robustness.
Compared with previous studies, 7,37 one 37 of which found no association between 5-HTTLPR polymorphism and suicidal behavior (P = 0.38), the current metaanalysis pooled bigger sample sizes, generated even more significant results with systematic study strategies and more conservative analysis approaches, and included tests of heterogeneity by ethnicity as well as sensitivity analyses. The results demonstrate the robustness of the association, which was significant in multiple studies using both allelic and genotypic analyses. For subsequent meta-analyses, more accurate phenotype definition, strict selection of samples, consistency of suicidal behavior diagnosis and classification and use of standard demographical statistical methods would reduce the discrepancies and simplify collaboration and comparisons between studies.
Suicidal behavior is a complex, multifactorial phenomenon. 38 5-HTTLPR itself has been found to be associated with other phenotypes, such as schizophrenia, 35 affective disorders 39 and alcoholism. 3, 5 The patients involved had different psychiatric diagnoses (schizophrenia, major depression, mood disorder or alcohol abuse). However, the likelihood that the association of 5-HTT was owing to one of the concomitant psychiatric disorders rather than with suicide itself can be excluded, as we found more significant association with NSA controls than with healthy controls. The inter-regulation of numerous genes or polymorphisms may be an important feature Figure 2 Egger's funnel plots of publication bias analysis. A larger deviation from the funnel curve of each study means more pronounced asymmetry. Results from small studies will scatter widely at the bottom of the graph, with the spread narrowing among larger studies. of suicidal behavior. It has been useful to identify other at-risk polymorphisms or haplotypes, and to study the functional expression and interaction of the associated polymorphisms. This developing understanding of serotonin system genes may have the potential to improve the diagnosis of prodromal symptoms, to guide the use of novel drug targets and to trigger rapid therapeutic progress. 40 To conclude, this is a systematic and comprehensive meta-analysis of 5-HTT with suicidal behavior. The strong association of 5-HTTLPR in the international populations supports the involvement of the brain 5-HTT in the pathogenesis of suicidal behavior, which may have potentially important scientific, clinical and public health implications.
